This study was conducted to explore the effects of electromagnetic waves on a developing chick embryo. The radiofrequency electromagnetic waves (RFW) emitted by different smart phones was measured by using a TriField meter. Chick fertilized eggs were placed in an egg incubator, divided into control and exposed groups. In the exposed group, a mobile phone was placed inside an incubator in call receiving mode, while in the control group, the mobile phone was not used. Studies were conducted at low and high exposure (dose) of RFW. Chick embryos were sacrificed at day 10 and day 15, and embryos were examined for mortality, gross malformation, weight, and length. Histology, electron microscopy, and Hsp 70 of liver were done for the high dose group. No mortality was observed in the low dose group; however, in the high dose group, the mortality was 14%, and deformities of the limbs and skin abnormalities were observed. Weight and length in the exposed groups were significantly lower than the control at higher dose. Histology and ultrastructure of liver revealed fatty infiltration, increase number of mitochondria, deformation, and disappearance of its cristae. Hsp 70 and mRNA levels were elevated in the exposed groups for high dose group.
Introduction
Cellular technology and broadband services are growing rapidly, resulting in a dense suffusion of nonionizing low radio frequency electromagnetic waves (RFW) in the atmosphere. This adds a new dimension to environmental pollution. Radiofrequency electromagnetic radiation is a form of energy used in wireless communication and emitted from mobile sets which can be absorbed into body tissues and converted into heat.
These waves were initially thought to be harmless to the humans; however, now scientific research has revealed that these waves may cause damage to the living cells. Smart phone emits radio waves while in use which include downloading data from the internet [1, 2] . Fetus and children are more radiosensitive than adults due to the presence of embryonic stem cells [3] [4] [5] [6] [7] . A child born in this era will start to be exposed to electromagnetic waves exposure as soon as he is born and will remain in this environment until he dies. Divan et al. reported behavioral problems in children who were exposed to prenatal and postnatal cell phone [8, 9] . This potential 
TriField meter measuring the electromagnetic field exposure when the phone is receiving a call (the needle moving toward the right with increasing intensity of the electromagnetic waves) (a) group 1, (b) group 2, (c) group 3, (d) group 4, and (e) during downloading, the needle is hitting extreme right.
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is important because the radius of single 1800 MHz frequency electromagnetic wavelength is approximately 16.5 cm [21] .
The mobile phone placed inside the incubator was called from outside 4 times a day and each call lasted for 5 minutes. There was a gap of 4 hours in-between each call with a call free period during the night. Total exposure time/day was 20 minutes. To repeat the call on the same time every day, a ringing schedule was made, and call was recorded once the call was made. This prevented errors in making the calls. The experiment was conducted in batches of two with 30 eggs in each batch. A total of 10 embryos were scarified each at day 5 (exposure time 100 minutes), day 10 (exposure time 200 minutes), and day 15 (exposure time 300 minutes).
Control group
It was also conducted in batches of two. There was no mobile placed inside the incubator, and the eggs were not exposed to any electromagnetic field.
A total of 10 randomly selected eggs were removed from the incubator in both the groups at day 5, day 10, and day 15 each, the shells were removed, and the embryos were dissected from the membranes. Mortality of the embryos was observed by observing the movements in the limbs or beating of the heart. Hamburger and Hamilton developmental stages were used to assess the embryos for gross morphological abnormalities [25] . The embryos were washed in normal saline, blotted dry with tissue paper and the dependent variables, the weight, CR-length, and eye diameter were recorded.
A digital balance with a precision of 0.01 g (Universal Impex HA-3202) was used for measuring the weight, and a caliper (Mitutoyo Vernier calipers, Nanjing Sulang Trading Co., Ltd., China) was used to measure the length which was the length from the vertex to the tip of the coccyx and the maximum eye diameter.
For statistical analysis, student's t-test was used, and a p-value of <0.05 were considered as significant. All data were presented as the mean value ± SEM.
Results
Mortality was not observed among both the control and the exposed groups, and all 120 eggs revealed developing embryos.
Day 5
No morphological deformities were observed in both the groups. There was no significant difference between the average wet body weight in the exposed group (0.189 ± 0.035 g) and the control group (0.209 ± 0.031 g); (t = 1.67, df = 28, p < 0.11). The CR-length and eye diameter were not measured at day 5.
Day 10
Gross malformation was absent in both the groups. In the exposed group, small hemorrhages were apparent under the skin with areas of paler skin indicating reduced blood flow (Figure 3b) . In the control group, the skin was pink in color throughout (Figure 3a) . The average weight of the exposed group (1.572 ± 0.38 g) was significantly lower than the weight of the control group (2.331 ± 0.27 g), t = 8.19, df = 48, p < 0.01 (Figure 5a ). This trend was also observed with the C-R length and eye diameter; all showing significant differences (Figure 5b and c) . much bigger as compared to the body before was now become smaller, which was in accordance with the normal development of the embryo. The eyes were now fully covered by eye lids. The skin no longer shows any hemorrhage areas, and blood vessels no longer visible under the skin (Figure 4a and b) . No significant differences were observed in either average wet body weight, control (14.91 ± 1.73 g) and exposed group (14.82 ± 1.57 g), eye diameter, control (1.123 ± 0.051 cm and exposed 1.14 ± 0.05) and the average C-R lengths, control (7.013 ± 0.41 cm), and the exposed groups (6.978 ± 0.348 cm) (Figure 5a-c) . 4 . High dose (total 500-750 minutes)
Methods
A total of 20 fertilized eggs were incubated in the incubator with the mobile phone in silent mode with the vibration mode disabled. The distance of all the eggs from the mobile phone was maintained within one wavelength (approximately 16.5 cm) of the emitting 1800 MHz frequency electromagnetic waves [21] . The mobile phone was rung from another mobile phone for 5 minutes, 10 times daily with an exposure-free period in between the calls. No calls were made at night. The total daily exposure duration was 50 minutes in each 24 hours starting from day 1. The eggs were sacrificed at day 10 (maximum exposure time 500 minutes) and day 15 (total exposure time 750 minutes). For the control groups, another 20 eggs were placed in the incubator, and 10 eggs were sacrificed at day 10 and 15 each.
Control group's 20 eggs were incubated at the same conditions in the same incubator. The mobile phone was turned off, battery removed, and placed in the middle of the incubator. The embryos were examined just as in the experimental groups at days 10 and 15.
On the scheduled day of sacrifice, mortality, gross morphology, wet weight, and length of the embryos were measured. Liver was dissected and placed in 10% glutaraldehyde solution and stained by toluidine blue stain for histological and ultrastructural preparation. Another five specimens were fixed in RNAlater solution (Invitrogen) for heat shock protein 70 (HSP70) and messenger ribonucleic acid (mRNA).
Results
The results revealed 14% mortality in the exposed group. Gross morphology of the chick at day 15 showed deformities of the limbs, hemorrhages under the skin, lack of feathers, and few anterior abdominal wall defects (Figure 6a and b) . The wet weight and head to toe length were significantly less in the exposed group at both day 10 and 15 ( Figure 7a and b) .
Histology: control group
At day 10, hepatocytes were seen with rounded central nucleus and nucleoli. They were lying in rows with spaces in-between to form the sinusoids. Central veins with few RBCs and portal areas were observed. At day 15, typical structure of the liver was apparent. Well-formed hepatic lobules formed by rows of hepatocytes and sinusoids lining with epithelium and large number of RBCs were clearly seen (Figure 8a and b). 7 
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Exposed group
At day 10 and day 15, nucleus in many hepatocytes was not seen or pushed to the side and without prominent nucleolus. The hepatocytes were seen in rows with sinusoids in-between; however, marked infiltration of the fat vacuoles was observed in the cytoplasm of hepatocytes. The sinusoids were formed showing lining epithelial cells and RBCs. This signifies the beginning of fatty change (Figure 8c and d) .
Electron microscopy: Control group
At day 10 and 15, the control group showed hepatocytes arranged in rows forming the hepatic lobules and sinusoids in-between the rows lined by simple squamous epithelium (Figure 9a ). There was a big central rounded nucleus with central chromatin, surrounded by double layered nuclear membrane with pores. Cytoplasm contains many mitochondria with well-arranged cristae, rough endoplasmic reticulum, ribosomes, and some glycogen vacuoles. Sinusoids were formed lined by single layer of simple squamous epithelium, and few Kupffer cells were also found lining the sinusoidal wall. Spindle-shaped RBCs with oval nucleus were present in the sinusoids. The canaliculi were seen clearly in between the hepatocytes (Figures 9a and 10a) . 
Exposed group
At day 10, marked increase in the number of mitochondria can be observed (Figure 9b) . Some of the mitochondria were swollen and surrounded by rough endoplasmic reticulum. The nucleus was in the center and circular in shape. Sinusoids were filled with red blood cells (RBC) and lined with simple squamous epithelium and Kupffer cells. At day 15, cytoplasm showed numerous lipid filled vacuoles (Figure 10b) . At day 15, mitochondria became electron dense, some were swollen, while others were elongated and dumbbell shaped. At places, mitochondria was degenerated and cristae invisible (Figure 11a and b) . A prominent layer of rough endoplasmic layer around the mitochondria could be seen which was interrupted. Myelin-like figures can also be seen in the cytoplasm at day 15 in exposed groups. The canaliculi in-between the hepatocytes have been widened (Figure 9b ).
Biochemical analysis
Heat shock protein 70
Homogenized sample using an automated homogenizer in a phosphate buffer at pH 7.6 was ultracentrifugated to separate contaminants and soluble proteins and cells. Messenger RNA (mRNA) was extracted from 40 tissue samples using the Qiagen RNeasy Mini Kit (QIAGEN, CA, USA) according to the manufacturer's instructions.
Next, DNAse treatment was given to the extracted mRNA using DNA-free™ DNA Removal Kit (Thermo fisher) according to the manufacturer's protocol. After which, cDNA was synthesized using DNase treated RNA with the help of HighCapacity cDNA Reverse Transcription Kit (Applied BioSystems, Austin, TX). Quantitative RT-PCR was performed for the analysis of cDNA obtained from the 40 samples. TaqMan reagents are used to perform qRT-PCR according to manufacturer's protocol. The relative expression level of hsp70 was calculated using the comparative delta Ct method by normalizing the cycle threshold values of hsp70 with those of GAPDH.
Protein extraction was carried out through differential centrifugation to obtain separate subcellular fractions of protein from hepatocytes.
Extracted proteins were analyzed through SDS-PAGE and one step ELISA. HSP70-ab187399 Simple Step ELISA ® Kit was used for the detection of HSP70 protein in the control and experimental samples.
Results
Different exposure durations displayed significantly different levels of HSP 70 mRNA compared to the normal. This increase in mRNA was 14% at day 10 and became 39% at day 15 ( Figure 12) . The amount of HSP70 protein has increased with longer exposure time although it did not prove strong correlation with the 
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expressed mRNA quantities (Figure 13) . The total cellular protein represented by the cytoplasmic protein concentration was increased in treated samples than in untreated samples demonstrating cellular mechanism in attempting to express housekeeping genes and HSP70 for survival. Organs have shown differences. Our results indicate that HSP 70 mRNA is over expressed in an attempt to synthesize more of the HSP70 in order to resist electromagnetic waves irradiation.
Discussion
Measuring mobile phones' RFW strength
To confirm the emission of RFW from different mobile sets and to understand its strength, we decided to measure the RFW from different mobile sets using a TriField meter. It was found that the old mobile sets were emitting very high intensity of RFW which the TriField meter showing above 1 mW/cm 2 . Absolute hazard thresholds have not been established yet; however, studies suggest that RFW above 0.1 mW/cm 2 may not be safe. Our study revealed that most of the smart mobile sets are emitting RFW above 0.1 mW/cm 2 . According to our classification, only group 1 comes under 0.1 mW/cm 2 ; groups 2, 3 and 4 are all above this threshold.
Mortality
In the low dose groups (exposure time 20 minutes/day at 1800 MHz), no mortality was observed in either the control or experimental groups. Batellier et al. also reported a mortality rate of less than 1% when fertilized eggs were exposed to 900 MHz from day 7 to 14 [13] .
In the higher dose group, the mortality rose to 14% in the exposed group, while no mortality was present in the control group. About 54% mortality was reported by Youbicier-Simo in the exposed group and 14% in the control group. He used continuous mobile phone exposure during the embryonic life of 21 days [14] . Higher mortality was also reported by Jyoti et al. in the exposed group. He highlighted that increased exposure duration and higher power (20 dBm) must have increased mortality in the exposed group [15] .
Gross malformations
In the low dose group, the most significant finding in this study was growth retardation of the embryo at day 10 only; body weight, CR length, and eye diameter were all significantly decreased at day 10 in the exposure group. However, they were indistinguishable from the control group at both day 5 and day 15. No gross malformation was observed except subcutaneous hemorrhagic areas under the skin at day 10.
Cox et al. reported no malformations when he exposed the fertilized eggs to 50 Hz [16] . Al Qusdi et al. using 900-1800 MHz electromagnetic waves and by ringing 4 times for 15 minutes/day (60 minutes/day) reported significant increase in body weight and length at day 10, which could not be sustained at day 14 [17] . Gross malformation in the brain and retina was also reported; however, the incubator used in that study was not an egg incubator, which could have negative effects on the development of the embryo [17] .
In high dose group in this study, 14% mortality, limb deformities, and changes in the skin feathers were observed. There was growth retardation of the embryo at both day 10 and day 15. Other studies also reported growth retardation [18] . Other malformations reported by Lahijani et al. such as spina bifida, monophthalmia, microphthalmia, anophthalmia, exencephalic embryos, and embryos with asymmetrical faces, crossed or shorter beak, and gastroschisis were not found in this study [18] . In an extensive study done by Farrell et al. at five different laboratories and using 60 Hz magnetic field (pulsed and sinusoidal by a Tenma function generator) over 2500 chick embryos, did not show significant difference in the mortality for 48 hours; however, over the period of time, malformations were 6.8% in the exposed group compared to 1.8% in the control; most common anomaly reported was the neural tube defects [19] .
Ubeda et al. observed in a study using 100 Hz and electromagnetic field intensity between 0.4 and 104 microTeslas (μT) that the chick embryo is sensitive to electromagnetic fields at extremely low frequency and intensity. He further stated that pulse shape may influence the development of embryo development [20] .
Effects of electromagnetic waves on living cells are dose and duration dependent [21] . It is likely that growth retardation of the chick embryo in exposed groups was a result of interference in the proliferation of the multiplying embryonic cells due to the RFW exposure. Development of the embryo is a complicated process which includes cell proliferation, differentiation, relocation, and programed cell death. These events involve endogenous ionic currents and electric fields which could be disturbed by the RFW exposure. Growth retardation in the exposed group is most likely due to the adverse effects of RFW on the DNA. Production of heat shock proteins is stimulated to repair this damage. This also increases reactive oxygen species production and apoptosis [17, 22, 23] . DNA damage if not repaired would most likely result in cell death [23] . This cell self-repair depends on the intensity of the initial injury by the radio waves. Thus at day 10, the chick embryo cells proliferation and multiplication declined due to DNA damage by the RFW exposure, hence reducing the wet body weight of the embryo as compared to the control group. At day 15, the wet body weight, CR length, and eye diameter did not show significant difference from the control in low dose because the cells were able to repair the damage; however, in the high dose group, the damage could not be repaired and significant difference persisted at day 15.
Histology and electron microscopy
In this study, an increase number of mitochondria were observed in the exposed group at day 10 and day 15. It has been reported that oxidative stress induced by H 2 O 2 leads to increase number of mitochondria and mtDNA in human lung [24] . At day 10 in the exposed group, some of the mitochondria were swollen. It has been reported that permeability of mitochondrial membrane is dependent on interaction between Ca +2 and reactive oxygen species (ROS) system. Increased sympathetic activity is considered a primary cause of REW-induced calcium influx into the mitochondria [26] . ROS when stimulated on inner surface of mitochondria will produce free O +2 which invade thiol protein and cause transition pores in the membrane to open thus increasing its permeability and causing mitochondria swelling [26] . Mitochondrial swelling was also observed by Atti [27] in rat hepatocytes in response to electromagnetic field exposure.
At day 15, in the exposed group, most of the mitochondria were elongated, dumbbell shaped, and in the process of degeneration. They were surrounded by fragments of rough endoplasmic reticulum and lots of free ribosomes. It was reported that mitochondria is the source of free radicals produced in response to electromagnetic wave exposure in human sperms [22] . It further reported potential causative mechanism of electron leakage from the mitochondrial electron transport chain which causes oxidative DNA damage.
The next most significant alteration in the hepatocytes was the increase number of lipid filled vacuoles in the exposed groups. It was reported that this marked increase in the cytoplasmic vacuolation is due to disturbances in lipid inclusions and fat metabolisms in pathological conditions, blockage of gluconeogenesis due to free radicals changing the nature of lipids, protein groups, and cell damage [26] . It seems that rough endoplasmic reticulum surrounding the mitochondria is damaged and fragmented thus contributing in increase in fat droplets.
Electromagnetic waves caused fatty change in the hepatocytes of the developing chick embryos. In fatty liver, there is an increase in lipid droplets in the cytoplasm of the hepatocytes suggesting that cells are under oxidative stress when exposed to electromagnetic waves [28] [29] [30] . Lahijani et al. had similar results showing abnormal lipid droplets in the hepatocyte cytoplasm and pushing the nuclei to one side [26] . Similar results were reported in rats and rabbits [22, 31] . The breakdown of fat in the liver may be disrupted by radiation exposure, which may be similar to alcoholism, malnutrition, poisoning, and pregnancy. Fatty change is the beginning of injury to the hepatocytes, showing an increase in vacuoles filled with triglyceride fat, a sign of abnormal metabolism which may be due to the production of oxygen radicles species in the hepatocytes [29] [30] [31] .
Biochemical test
Heat shock protein70 (HSP70) is a multifaceted chaperon protein that is conserved across species and is involved in many cellular metabolic processes. Its prime role as an anti-stress agent has been exploited heavily in an attempt to further clarify its mode of action and cellular distribution [33] . In this study, Hsp70 was also investigated for its role and degree of expression in stress conditions induced by electromagnetic waves. Previous studies have demonstrated the overexpression of Hsp70 mRNA under stress stimuli but have not elucidated the magnitude and the subcellular compartment localization of the protein [34, 35] .
In this study, we observed significant increase in levels of mRNA and Hsp70 in the exposed groups at both day 10 and 15. This increase in mRNA was 14% at day 10 and became 39% at day 15 ( Figure 13) . Levels of mRNA and HSP70 in the liver tissue are demonstrating an important rule liver plays in combating cellular stress using HSP70 as one of the approaches to attenuate the stress stimuli (Figure 12) .
Mobile phone radiation induces reactive oxygen species (ORS) and DNA damage as seen by increase in the HSP70 and its mRNA and which causes metabolic, immunological, and carcinogenic effects [2, [36] [37] [38] . ORS was also reported in human sperm, which affects genes, cell membrane function, and signal transduction [28, 39, 40] . Rao et al. recently provided new evidence supporting the theory that radio waves affect the plasma membrane [39] . Radio waves also induce NADH oxidase enzyme, which might play a key role in the various cellular adverse effects [36, 40] . Various cellular and physiological processes can be affected as a consequence of increased levels of free radicals, including gene expression, cell growth, apoptosis, and release of calcium from intracellular storage sites [32, 36, [41] [42] [43] [44] [45] [46] [47] [48] [49] .
Conclusion
We conclude that even at a low dose of radio waves (20 minutes/day) emitted by mobile phones, the development of chick embryos as seen on the 10th day of incubation would be affected. However, the cells were able to repair the damage by day 15 and no significant difference was observed. At higher dose, the significant different persisted at day 15, and mortality was increased with morphological changes observed. Histological finding in the liver revealed fatty change which was confirmed by ultrastructural findings. The increase of HSP 70 and mRNA in the exposed groups supported the assumption that RFW exposure has increased ORS which caused damage to the organelles and metabolism in the hepatocytes. These effects question the safety of mobile phones and their potential as a hazard to living cells. It is recommended that mobile phones should be used with caution.
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